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Following an higtorical review of anerocid development, in -
which the work of Chree is empheslzed, the sguthors state:

"It would therefore seem well worth while +to undertake,
through some suitable improvement of the aneroid, to diminish tre
width of the hystercsis loop sufficiently to make the erroras ze-
sulting frem it practically negligible. ™

To discover the origin of the loops, experiments were made
similar in purposs %o the '"vivisection axperimenfs,“ so—-callsd,
which were made at the Bureau of Standards and referred tc in
the Physlcal Review, 8:75-77, 1215, article sntitled, "Anexcid
Barometsrs. " ‘

Concluding that tae trouble is not in the steel spring, but
rather in the diaphragm, a theoretical study is made of the ecui-
_librium of forces acting on the vacuum box. After setting up the

fundamental equation of equilibrium
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in which T denstoes ths tensicn pulliag upward on the v&ITIL Lo,
Ty ita initial valve waen the downward deflection of the box is
z = 0o and when the air pressure p has its standard va}ue Do
and in which f is a etiffnese conetant for the spring - the
authors proceed to elsvcrate the™ terms of this eguation by refer-
ence to the theory of elasticity.

Two cases are considered, -~ first, that of a thin, flat dia-
phragm undergoing a deflection which is quite small compared to
ite thickness; second, the oprosite extreme case when the deflec—
tion of the diaphragm is quite large compared to its thickness.

The first special case enables us o consider that only shear-
ing stresses normal to ths diaphragm exiset, radial tensions bteing
neglected. The other erirsme case makes just the ofprosite assuup-
tion, narely, that the only:stresses vhich need to be considered
are tensions rarallel to the surface of the diaphraga. After caz-
rving through the theory of both casss as far as rossibls, the au-
thors abandon the ejuations sg deduced in favor of empirical ob-
servaticns. Ne%ertheless, some tentative cornclusions are reacaned
which are interesting.

Thus, for the flet diaphragm undergoing only an infinitesimal
deflection, the fcllowing equations are derived from the theory
developed by Foeppl, Vorlesungen uber technische Mechanik, 3:355,
1&97; 5:110, 19CT: : -
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In these ejuations, to pegin with, 8 cderotes the radius of
a disk such that the force acting on it cue to the pressure P
will just equal the actual tension T, &and sy ig the value

which it has fcr zero deflection. The symbols o, p and A em—
ploved in the first three equa%ions-are defined by ths last three
equetions. (In the original text, P 1s erpioyed for the ternsion;
and the letter a, in German type, appearls instead of ocur « ).
Further, h = thickness of diaphragnm, E = modulus of glassiciyT
and 1/m = oross—section contraction/longitudinal straln.

The authora exrlain why 8, 1S aprroximately ejual to
(z, + r,)/3 where T, and I, ~are respectively the inner and ouser
radii of ths annular diarhragn.

An original feature of the guthors' contribution_noﬁ apreazs

in their statement that when the deflection 1s 2z8IO, the distribu-
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tion of load betwesn the rim and the central solid disk 1is ince-
randent of the elastic constants of the diaphragm, and the perfozm
ance of the instrument momentarily independent, therefore, of elas-
tic after-effect when passing through the yosition. z = o. Con-
versely, if z 1is different from o, then, as a result of the
tern 5—3§§—§ which now enters, T and with it the distribution
of air pressure petween the zim and the plate will devend on the |
elastic reaction of the diaphragn. If, for example, the pressurse
-i8 changed frox »p, to & higher value p, the plate deflects in-
ward, = takes on a positive value, and ths elastic reaction of
the diaphragm diminishes the proportion of +the air pressurse which
falls on the plate. If any reaction diminishes because of slastioc
after-effect, then ths plate will again be more heavily loaded

and will continus its inwardly directed motion.

That part of ths elastic reaction of the diaphragm waich de-
pends on 2z 1is, according to equation (3) indepsendent of the
bressure p, remaining, therefors, unalteréd in magnitude for zero
vressure.

If one substitutes into equation (1) the value of T obtaized
from equation (2) and takes account of the fact that, according %o
the equations (3)

To = T Dy 83 (2a)

one finds for the sensitiviiy of aneroids with very small pressurs

changes
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The aneroid diaphragms used were made of .03 cr. thick German
silver for waich, with 1/m = .37, E = 11 x 10° kg/em®, o = 1.7.

Frorm equstion (3) it is evident that the influence of elasiic
after-effect on the indication of_an aneroid in the ooétemplated
case diminishes with diminishing thickness of the dlaphragm, and
with increasing spring comstant £, +this last insofar as the after-
effect of the diaphragn is greater than that of the spring.

In the second extreme case, *he authors neglect the vending
stresses and stresses normal tc the diaphragm, and confine their
analysis to the tensile stresses in the neutral surface. Consider
the radial distance r, at which a tangent rlane touches the sur-
face of & diaphragm which is simultaneously deflected down by

s>ressure p and up by tension T. At the point of tangency the

tendile stresses have no vertilcal component; therefore

T =Tp T,° (a)

Thus the distribution of load betwesen the outer ring and the
central solid disk depends only on the value of this radius z,.
For the e¢ase of zero deflectlion, supposing the diaphragm ini-
tlally flat and free from tensile strésses, vhen p = o and
T = &, a solution is. quoted from Foeppl, (Op. cit. 5:144, 1207)
according to which the deflection ¢ as a function of the variable

radius r 1s given by the equation



¢ =/ e (z, 1, 1) (5)
and therefore the distribution of load is here also independent
of the nature of the diaphragm and consequently the after-effect
has no influence on the displacement whenever the latter harpens
to be zero. But the cases when the displacement 1s not zero it
has not been possible to treat theoretically. ’

The difficulties of treating corrugated diapkragms are then
alluded to, and experiments described in which the diaghragms were
icaded with weights T which were varied over.a oycle for differ-

ent constant values of the air pressure p.

The results could be represented by the formuls-

T = ap ~ Qz + Rz®
where
S Q= b+ cp+ dp® (6)

R= B +"p + 860

In most cases R = O 8o that
T ~ap - (b +cp+ ép® =z (6a)

As a first approximation it is shown that s, 1is again approz:—.
imately equal to the average of the two radii if one replaces the
empirical constant & by the term ™ so2 . Hencs, approximately

the coefﬁioienﬁ- a 1is independent of the nature of the diaphragnm

g8n that here again the distribution of the lcad betwsen the central
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disk and the rim can not be influenced by after-effect whenever

tne displacement is zero. I

The coefficient o 1is found %o be about forty times as la}ge
in the experiment as it wculd be from the first of the theoTeticsl
deductions; moreover, it is found experiumentally that b is ap-
proximately preoportional to the thicknsses of the diaphragm, whereas,
according to the theory given, it skould vary with the cube of the
thidkness. This seceming discrepancy is sufficiently explalined by
the fact that the observations dsalt with large deflections, such
ag were not contemplated at ail iﬁ the theory quoted; moreover,

%he observations were made on cowrugeted diaphragms.

It is concludsd that the coefficients b, ¢ and 4, particular-
1y the first, depend on the properties of the disphragm metal and
serve to explain the hysteresis loops. '

Upon substituting the value of T from equation (8) into eque-
tion (1), and taking bthe approximate condition R = O, thsre Te-
sults the following approximate expression for the sensitivity of
an aneroid in terus of the coefficients a, b, ¢, 4 and £, The
authors consider that this expression wa;rants special attention
bsczuse of its simplicity, and because it is reliable to 5% in the
cases which they have investigated:

z _ & a

= - = - 5 (Tb)
P - T, f+Q byf+op+ dp

-

Dropping the theoretical discussion, the authors announce the
sonclusion that the means available to diminish the effect of im-

perfect elasticity in aneroid barometers appear o be three in



mumner, viz, @

I. BSelect a specially good quality material Tor the diaphragr.
The authors state that they have been able to find nothing super-
ior to hard German silver. But it is important to reduce the
thickness of the diaphragn, which they have carried with advantage
from the usual .2 mn. down ¥o .C5'mm. The diaphragms shculd be
pressed into shape by hand and thereby hardened, for softsning »as
found to make the after-effect excessive.

II, Use a stiff spring so as to have large values of f£. If
this diminishes the sensitivity of the aneroid too much, one can
restors this sensitivity somewhat by increasing the multiplying
power. If this in turn entails too muach friction in the mechan-—
ism, resort can be wade to the vibration device of Mr. Goeppsl.
This consists of & steel plate attached to the aneroid and caused
to vibrate by means of.a toothed wheel operated by hand.

III. The foregoing theoretical eauations assume vacuum boxes
7ith only a single diaphragm. If both the top and bottom are made
Tlexible, the equations can readily. be modified; for example, 7b

becomes

4 = a3 ) (8)

P~ Pg f +-% Q

The double surface box reduces the influence of after—effect, thers
fore, to about one-half what it would be otherwise.
These three principles have been applied to a number of ane-

rolds constructed in the Reichsanstalt shops, the constants of



-9 —~

which the authors proceed to give, and the effect of substituiing
various stiffnesses for the spring and making certain changss of
miltiplying power are rerorted mumerically. The numerical affect
of these substitutions on the observed hysteresis loops is Iinally
given and shown to bs quite marked.

In their concluding summary, the authors state that by means
of the three methods given, they have succeeded in producing ane-
roids for which the greatest width of the hysteresis loop beiween
760 and 410 mm. is not over 2 mm. (It ie not very clear how much
time the authors allowed for "drift" to take place at the minimum
pressure during the tests which established these hysteresis fig-
ures; it is merely stated that the rate of change of pressure was
about 5 mm. per minute. Their result of slightly over ome-half
of one percent is exceptionally good, although by no msans sur-
prising if there were direct-return pressur¢ cycles, that is, with-

out prolonged delay at the lowest pressure. )



